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摘要 
朊病毒病是一类神经系统退行性疾病，是朊病毒蛋白构象从正常态(cellular 
prion protein，PrPC)转变为瘙痒态(Scrapie form of prion protein，PrPSc)造成的。具
有毒性的可溶性 prion蛋白寡聚体(Prion protein oligomer, PrPO)的形成被认为是朊
病毒病发生的重要步骤。朊病毒病按致病根源可分为 3 类：散发型，遗传型和获
得型。其中大约有 10-15%的朊病毒病是由于 prion 蛋白基因序列突变造成的，然
而，朊病毒致病机制至今尚不清楚。 
本论文选取 12 个与疾病相关的点突变进行分析。这些突变位点根据致病类
型可分为三类：与格斯特曼综合症相关的突变体，即 P102L，P105L，F198S，
Q212P 和 Q217R；与克雅氏病相关的突变体，即 G114V，T188R，V203I，E196K，
E200K 和 E211Q；与致死性家族失眠症相关的突变体，即 D178N/M129。我们对
野生型人 prion 蛋白 91-231(HuPrP91-231)及 12 个点突变体进行了寡聚实验研究，
表明点突变影响了 prion 蛋白的寡聚倾向。 
在此基础上，我们选取其中 4 个典型的点突变体 HuPrP91-231 (Q212P，D178N，
P105L 和 V203I)进行生物物理特性分析。与野生型 prion 蛋白比较，Q212P 和
D178N 点突变能促使蛋白由单体向寡聚体转变，然而 V203I 点突变则降低了这
种转变倾向。P105L 突变体寡聚倾向与野生型蛋白较为相近。通过盐酸胍变性实
验，我们发现野生型蛋白和这 4 个突变体结构稳定性排序为：Q212P < D178N < 
WT ≈ P105L < V203I。表明 prion 蛋白突变体的寡聚转变倾向与其结构稳定性
相关。此外，相比于野生型蛋白的空间结构，Q212P，D178N 和 V203I 突变体的
空间结构改变较大，P105L 突变体蛋白的空间结构与野生型相似。表明点突变可
能导致 prion 蛋白的空间结构发生变化进而改变其结构稳定性，从而影响其寡聚
倾向。我们的研究结果加深了人们对朊病毒致病机制的了解，为预防和治疗朊病
毒病提供有用的线索。 
 
关键词：朊病毒蛋白；点突变；寡聚体；结构稳定性；核磁共振 
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Abstract 
Prion diseases are a group of fatal neurodegenerative illnesses, resulting from the 
conformational conversion of the cellular prion protein (PrP
C
) into a scrapie form 
(PrP
Sc
). The formation of neurotoxic soluble prion protein oligomer (PrP
O
) is regarded 
as a key step in development of prion diseases. These diseases may arise sporadically, 
be inherited, or be acquired by transmission of an infectious agent. About 10-15% of 
human prion diseases are caused by mutations in the prion protein gene, however, the 
underlying molecular mechanisms remain unclear. 
In the present work, we chose 12 single point variants associated with prion 
diseases. The single point mutants at codons P102L, P105L, F198S, Q212P and 
Q217R are associated with Gerstmann-SträusslerScheinker syndrome. The single 
point mutants at codons G114V, T188R, V203I, E196K, E200K and E211Q are 
related to Creutzfeldt-Jakob disease. The single point mutant correlated with Fatal 
Familial Insomnia disease is D178N with the Met polymorphism at codon 129. We 
conducted oligomerization experiments for human prion protein 91-231 (HuPrP91-231) 
and its variants, and demonstrated that the single point mutations could influence the 
conversion propensities of PrP
C
 into PrP
O
.  
Based on these results, we further selected four representative variants (P105L, 
D178N, V203I and Q212P) to analyze biophysical properties of HuPrP91-231 by 
several biophysical techniques. In comparison to WT HuPrP
C
, the Q212P and D178N 
variants possessed greatly increased conversion propensities of PrP
C
 into PrP
O
, while 
the V203I variant had the dramatically decreased conversion propensity. The P105L 
variant displayed a similar conversion propensity to WT HuPrP
C
. These proteins were 
ranked in the thermodynamic stability measured from GdmCl-induced unfolding 
experiments: Q212P < D178N < WT ≈ P105L < V203I. It was thus suggested that 
the conversion propensities of the prion proteins were closely associated with their 
thermodynamic stabilities. Furthermore, structural comparison illustrates that Q212P, 
D178N and V203I variants underwent larger structural changes compared with WT 
HuPrP
C
, while the P105L variant adopted a similar structure to the wild-type. The 
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mutation-induced structural perturbations might change the thermodynamic stabilities 
of the HuPrP
C
 variants, and correspondingly alter the conversion propensities for 
these prion proteins. Our results extend the mechanistic understanding of prion 
pathogenesis, and lay the basis for the prevention and treatment of prion diseases. 
 
Key words: prion protein；point mutation；oligomer；thermodynamic stability；NMR. 
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缩略语表 
APS Ammonium persulfate 
BSE Bovine spongiform encephalopathy 
CD Circular dichroism 
CJD Creutzfeldt-Jakob disease 
DLS Dynamic light scattering analyses 
FFI Fatal Familial Insomnia 
FPLC Fast protein liquid chromatography 
GSS Gerstmann-SträusslerScheinker syndrome 
HSQC Heteronuclear single quantum correlation 
HuPrP
C
 Human PrP
C
 
HuPrP
O
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O
 
IPTG Isopropyl β-D-1-thiogalactopyranoside 
MD Molecular dynamics 
NMR Nuclear magnetic resonance 
PCR Polymerase chain reaction 
PDB Protein data bank 
PK Proteinase K 
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1 
 
第一章 绪论 
1.1 朊病毒病与朊病毒 
朊病毒(Proteinaceous infection particle，简称 prion，又称蛋白质浸染因子，
朊蛋白或普列昂, 是一种不含核酸、具有自我复制能力并能传染的蛋白[1]。朊病
毒病是一类能引起人和动物脑部神经组织退化的神经性退行性疾病，其病理特征
为大脑皮层病变后呈海绵状。将患病组织的提取液注入健康的动物颅内，也可引
起疾病的发生，因此这类疾病又名为传染性海绵状脑病(Transmissible spongiform 
encephalopathies，简称 TSEs)[2]。 
人们最初在绵羊和山羊身上发现了这类疾病，患病的绵羊和山羊步态不稳，
运动能力下降，不断地蹭痒，患病的羊最后无一例外死亡。人们将羊身上患的疾
病以其症状命名为：羊瘙痒症。其后，人们又在哺乳动物身上发现了水貂脑软化
病、鹿慢性消耗病、猫海绵状脑病、疯牛病，等等[2]。特别是 1986 医学家们在
英国发现的疯牛病，即牛海绵状脑病(Bovine spongiform encephalopathy，简称
BSE)
[3, 4]。患病的牛呈现痴呆，神经错乱，呼吸频率加快，体重下降，极度消瘦
的症状，最后死亡。由于英国将患病的牛肉或肉骨粉出口到别的国家，至 2001
年 1 月，已有英国、葡萄牙、瑞士、爱尔兰、法国、比利时、德国等 15 个国家
发现牛海绵状脑病。疯牛病具有较长潜伏期，牛的年龄需要超过 30 个月才能被
检测确认是否患有疯牛病。由于目前对疯牛病没有有效的治疗手段，患病的牛只
能进行焚化处理。这导致全球每年有成千上万头牛因患疯牛病死亡，因而造成重
大的经济损失。而人类一旦食用被疯牛病污染了的牛肉及其制品，就有可能染上
克－雅氏症(Creutzfeldt-Jakob disease, CJD)。 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
